The anterior cingulate cortex (ACC) and frontoinsular cortex (FI) have been implicated in processing information across a variety of domains, including those related to attention and emotion. However, their role in rapid information processing, for example, as required for timely processing of salient stimuli, is not well understood. Here, we designed an emotional face priming paradigm and employed functional magnetic resonance imaging to elucidate their role in these mechanisms. Target faces with either neutral or fearful emotion were briefly primed by either neutral or fearful faces, or by blank ovals. The pregenual ACC and the FI, together with other regions, such as the amygdala, were preferentially activated in response to fearful face priming, suggesting that these regions are involved in the rapid processing of salient facial emotional information.
Introduction
Most cognitive neuroscience studies on rapid processing of salient emotions such as fear have mainly focused on the role of the amygdala. Many of these studies are based on animal and lesion models using the fear conditioning paradigm (see LeDoux (2000) for a review). However, the idea that the amygdala is the exclusive region that is essential for unconscious, rapid detection of fear has been challenged. For instance, a recent study found that even with bilateral amygdala lesions, patients could rapidly distinguish fearful faces from faces exhibiting other emotions and rapidly categorize faces as being fearful or neutral (Tsuchiya et al., 2009) , as opposed to other studies showing the necessity of an intact amygdala for fearful facial affect recognition (Adolphs et al., 1999) . It remains unclear how the brain can still rapidly process salient emotional information in the absence of the amygdala. Thus, the roles of other brain structures and pathways involved in fast emotional processing need to be considered.
A cortical network that consists of the anterior cingulate cortex (ACC) and insular cortex is involved in the control of emotional processing (Bush et al., 2000; Carter et al., 1998; Craig, 2009; Critchley et al., 2004) . There are anatomical interconnections between the ACC and amygdala (Paus, 2001 ) and numerous reciprocal connections among the insular cortex and amygdala (Augustine, 1985; Mufson et al., 1981; Phelps et al., 2001) , ACC, other limbic structures, and various regions of the frontal, temporal, and parietal lobes (Augustine, 1985) . A role of the insular cortex as a relay to limbic areas has previously been hypothesized (Geschwind, 1965) , and is supported by functional imaging studies of empathy (Carr et al., 2003; Gu and Han, 2007; Gu et al., 2010; Jackson et al., 2005; Singer et al., 2004) and lesion studies on the affective component of pain perception and threat-related responses (Berthier et al., 1988) . These findings suggest that the ACC and insular cortex play a significant role in emotional response and regulation. However, an overlapping circuitry involving the ACC and insula has also been implicated across a wide variety of cognitive tasks (Nee et al., 2007) . Therefore, the role of these structures may relate more to rapid processing of information in general, rather than specifically to emotional processing.
One such piece of evidence for the anatomical specialization of these regions is the presence of large, bipolar, spindle shaped neurons referred to as von Economo neurons (VENs). VENs have previously been described in humans and great apes (Nimchinsky et al., 1999) and have since been described in cetaceans Hof and Van der Gucht, 2007) and in elephants . VENs are most abundant in humans and are primarily found in clusters in layer Vb in the ACC with highest densities in areas 24b and 24a, and are also found in a cytoarchitectonically distinct region located in the junction of the posterior orbitofrontal cortex and the anterior insular cortex known as the frontoinsular cortex (FI) (Allman et al., 2005; Nimchinsky et al., 1999 Nimchinsky et al., , 1995 Von Economo and Koskinas, 1925) . VENs are projection neurons approximately 4.6 times the size of neighboring pyramidal neurons and are morphologically well-suited for rapid, long distance integration of information (Allman et al., 2005) . The distribution of VENs is restricted to highly specific cortical regions (ACC and FI), which are associated with functions including executive control of attention (Botvinick et al., 2001; Fan et al., 2003 Fan et al., , 2005 MacDonald et al., 2000) , emotional regulation (Bush et al., 2000) , and both empathy and experienced pain (Singer et al., 2004) . Therefore, the ACC and FI may play a role in our ability to rapidly integrate information amongst spatially distinct functional regions and make quick and intuitive judgments regarding uncertain and rapidly changing social contexts (Allman et al., 2005) .
Merging perspectives from studies of the role of the ACC and FI in emotional processing with those from other cognitive domains may provide unique insight into the function of these structures. We hypothesized that the ACC and FI are involved in rapid processing of salient facial emotional information such as fear. For the purposes of our current inquiry, we designed an emotional face priming paradigm in which participants were asked to make a decision regarding the emotional valence of a target face (neutral or fearful) that was primed briefly either by a face expressing neutral or fearful affect, or by a nonface object. The prime was designed to be orthogonal to the target response, therefore did not have predictive value and could be ignored. If the prime impacts the target response, this indicates a positive or negative priming effect and implies that the prime is processed rapidly. Comparison between the non-face and face primes allows us to examine the role of these regions in rapid processing of faces, and comparison between fearful and neutral face primes is intended to examine regions involved in rapid processing of salient emotional expression. We expected fearful face primes to activate the ACC and the FI in the rapid processing of salient emotion primes.
Methods

Participants
Healthy adult volunteers (N = 25, 13 women, age range 21-58 years, with mean age of 31.4 years) participated in this study. The consent procedure was approved by the institutional review board of Mount Sinai School of Medicine and written informed consent was obtained from each participant. Participants were screened for contradictions for MRI: (1) claustrophobia or anxiety of sufficient intensity to preclude being in the scanner; (2) any type of metal in the body that cannot be removed; (3) visual disturbance of sufficient severity as to impair performance while in the scanner with correction glasses; (4) history of head injury with loss of consciousness, neurological or cardiovascular disease, and traumatic brain injury or any other condition that is likely to affect brain function. All subjects were screened for Axis I psychiatric disorders using the Structured Clinical Interview for the DSM-IV (First et al., 2002 ).
Emotional face priming task
The emotional face priming task (see Fig. 1 ) uses the fearful facial expressions from a standard set of pictures of facial affect (Ekman and Friesen, 1976) , which have previously been shown to robustly activate the human amygdala (Whalen et al., 2004) . The information from the prime face can be processed consciously or automatically depending on the parameters of the task (Esteves and Ohman, 1993) . This task is different from the backward masking task (Nomura et al., 2004; Sheline et al., 2001) in which emotional processing is subconscious, or the emotional expression/identity matching task (Hariri et al., 2000 (Hariri et al., , 2002a Tessitore et al., 2002) in which rapid emotional priming is not explicitly implied.
The emotional face priming task consisted of five sessions of trials (four sessions for emotion identification and a last session for face recognition). The last session of face recognition was out of the direct interest of this study and therefore will not be further reported or discussed in this paper. For the four emotion-identification sessions, participants were instructed that they would see a series of pictures with neutral or fearful expressions. Two pictures were presented, one after the other, during each trial. The first picture (a blank oval shape (B), a neutral face (N), or a face exhibiting fear (F)) was the prime and the second picture (a neutral face (N) or a face exhibiting fear (F)) was the target. The oval shape had a mean intensity (in black and white) and mean area of all the face pictures used in this task. In one third of the presentations, the first picture was a non-face oval shape and the second picture was a face with emotional expression. In another third of the presentations, the two pictures were the same faces with the same emotional expression, and in the remaining third of the presentations the two pictures were the same faces but with different emotional expressions. This created 6 prime-target combinations (BN, BF, NN, FF, FN, and NF) with equal probability. Trial order was pseudo-randomized so that each of these 6 trial types had equal chance to occur following the preceding trial type. The participants were instructed to use their right hand to press a button if the target had a neutral expression, and another button if the target had a fearful expression. For each trial, a prime picture was displayed for 200 ms, followed by a 300 ms interval before the target was displayed for 1000 ms. Participants were allowed 2500 ms to respond to the target. The inter-trial-interval was jittered with 2.5, 2.75, 3, 3.75, 6.5, and 14.5 s discrete durations with an average of 5.5 s. The participants saw a "+" symbol between presentations of stimuli, as a reminder to remain focused on the screen at all times. The total duration for each block was 288 s long. The face priming sessions each contained 36 trials with 4 models. Half of the models were male faces. Each session started and ended with a 36 s fixation period. The total time required to complete this task was 25 min. Behavioral responses in terms of reaction time (RT) and accuracy were recorded.
Image acquisition
All procedures were conducted at Mount Sinai School of Medicine. Participants were scanned in a 3 T Siemens Allegra MR scanner, equipped with a high-performance head gradient system with maximum gradient strength of 40 mT/m and slew rate of 400 mT/ m/s. This allowed reduced susceptibility-induced distortions in single-shot echo-planar imaging (EPI) due to ultra-short echospacing. Following the informed consent process, comprehension of the task demands were ascertained with brief practice blocks of the emotional face priming task and the face recognition task, with different faces from those used in the scan session. The practice took about 10 min. Participants were then positioned in the MRI scanner. A fast scout scan was performed to decide the localization of the slices. Then, a T2-weighted anatomical volume of the brain was acquired with a turbo spin-echo pulse sequence with repetition time (TR) = 4500 ms, echo time (TE) = 106 ms, flip angle = 170°, field of view (FOV) = 210 mm, and a matrix of 512 × 448. Forty-two axial slices were acquired at a thickness of 2.5 mm with a skip of 0.825 mm and an in-plane resolution of 0.41 × 0.41 mm 2 . Slices were acquired along axial planes parallel to the anterior commissure-posterior commissure line. Functional T2*-weighted images depicting the blood oxygen level-dependent (BOLD) signal were then acquired at the same 42 slice locations using gradient-echo echo-planar imaging sequences with TR = 3 s, TE = 27 ms, flip angle = 85°, FOV = 210 mm, and acquisition matrix = 64 × 64, 2.5 mm thick, skip = 0.825 mm, while the participants performed the emotional face priming task and the face recognition task. Each EPI scan took about 5 min. The TR was a trade-off for whole-brain coverage with thinner slices that minimized distortions and increased sensitivity in regions of interest, such as the amygdala, as used in our another study (Schulz et al., 2009 ).
Behavioral data analysis
The primary analyses of the behavioral data from the face priming task were to compare reaction time and accuracy under the prime and target conditions and the interactions between the prime and the target conditions using a repeated-measures analysis of variance (ANOVA) with conditions of prime (fearful or neutral facial expression, and non-face oval shape) and target emotion (fearful and neutral) as the within-subjects factors. The α level for these analyses was set to 0.01.
fMRI data analysis
Event-related analyses of the functional imaging data were conducted using statistical parametric mapping (SPM2; Wellcome Trust Centre for Neuroimaging, London, UK). The functional scans were realigned to the first volume (after the first two volumes were discarded), coregistered to the T2 image, normalized to a standard template (Montreal Neurological Institute), and spatially smoothed with an 8-mm full-width-at-half-maximum (FWHM) Gaussian kernel. General linear modeling then was conducted for the functional scans from each participant by modeling the observed event-related BOLD signals and regressors to identify the relationship between the experimental events and the hemodynamic response. The default SPM basis function (a synthetic hemodynamic response function), which is composed of two gamma functions (Friston et al., 1998) , was used. Regressors were created by convolving a train of delta functions representing the sequence of individual trials with the SPM basis function. Five orthogonal regressors were included in a multiple regression model by convolving basis function with delta functions of: (1) prime and target pairs (500 ms apart) representing all prime/ target-related responses, as essentially a baseline of the combined prime and target responses; (2) face primes (prime onset locked, including both neutral and fearful faces); (3) fearful face primes (prime onset locked); (4) fearful face targets (target onset locked); and (5) fearful face targets following fearful face primes (target onset locked). The second regressor is a superset that includes all conditions in the third regressor. The fourth regressor is also a superset that includes all conditions in the fifth regressor. While these regressors are orthogonal to each other, they may still share a lot of variance. This model attempts to separate the prime-and target-related responses in a method similar to the decomposition in partial-trial design (Ollinger et al., 2001a,b; Ruge et al., 2009 ). The 6 parameters generated during motion correction were entered as covariates. Low-frequency drifts in signal were removed using a high-pass filter with a 128 s cutoff. Serial correlation was estimated using an autoregressive AR(1) model.
The specific brain responses were tested by applying appropriate linear contrasts (in this case, each regressor was contrasted to baseline rather than a control condition regressor) to the parameter estimates, resulting in contrast maps for each participant. The contrast images of all participants were entered into a second-level randomeffects group analysis. The resultant voxel-wise statistical maps were thresholded for significance using a p b 0.01 for the height threshold of each voxel and a p b 0.05 for the extent threshold. In addition, a Monte Carlo simulation of the brain volume of the current study was also conducted to confirm that the above voxel contiguity threshold is appropriate. Assuming an individual voxel type I error of p b 0.01, a cluster extent of 85 contiguous resampled voxels (2 × 2 × 2 mm 3 ) was indicated as necessary to correct for multiple voxel comparisons at p b 0.01. For the simulation, 8 mm FWHM smooth parameter was used in addition to the image resolution parameters. For a description of this method, see a previous publication (Slotnick and Schacter, 2004) . Fig. 1 . The design of the emotional face priming task. The prime is displayed for 200 ms and then there is a 300 ms interval before the display of a target. The target is displayed for 1000 ms and the participants' task is to identify the emotion expression of the target (neutral or fearful) by pressing a button for neutral or another one for fearful emotion expression. The target is preceded by a prime in a blank oval shape, or by a face with either neutral or fearful emotion expression. The blank oval-shape image is of the same mean area and intensity of all face images used in this task. SOA: stimulus onset asynchrony.
The voxel number of the extent threshold decided by SPM was greater than 85. Therefore, the resultant statistical maps thresholded for height and extent protect against an inflation of the false-positive rate. The presumed locations of the real effects reported in the tables (i.e., the x, y, and z coordinates) could be off by a fair distance due to the low uncorrected threshold and large spatial extent. Amygdala activation was thresholded with p b 0.05 using small volume correction (Worsley et al., 1996) , with an anatomical mask derived from the anatomical automatic labeling atlas (Tzourio-Mazoyer et al., 2002) . Fig. 2 shows the behavioral results in terms of RT and accuracy. A 3 (prime: blank, neutral, and fearful) × 2 (target: neutral and fearful) repeated-measures ANOVA was carried out using the median RTs of subject as the dependent variable to minimize the influence of trials with outlier RTs. There was a significant main effect of prime (F (2, 48) = 17.85, p b 0.001). The main effect of target was not significant (F (1, 24) = 1.48, p N 0.05). There was a significant prime by target interaction (F (2, 48) = 4.90, p = 0.01). Planned simple comparisons showed that target responses following a face prime were faster than following a blank prime (F (1, 24) = 32.85, p b 0.001), reflecting a facilitation effect of face prime on performance. The differences between neutral and fearful primes, and between neutral and fearful targets were not significant (F (1, 24) = 2.43 and F (1, 24) = 1.48, both p N 0.05). However, the face prime (neutral, fearful) by target (neutral, fearful) interaction was significant (F (1, 24) = 6.44, p = 0.02). Thus, although RTs to fearful face targets were generally increased relative to those to neutral face targets in the context of blank and neutral face primes, RTs to fearful targets were decreased in the context of emotionally congruent fearful primes, a facilitation effect. The same analysis was also conducted using error rates as the dependent variable. A main effect of target was found (F (1, 24) = 8.53, p b 0.01) such that subjects identified neutral face targets more accurately than fearful face targets. The main effect of prime was not significant (F b 1) and the prime by target interaction was not significant (F b 1).
Results
Behavioral responses
The functional activation of the brain For the prime-and target-related responses (Fig. 3a and Table 1) , there was involvement of the frontoparietal network including the posterior rostral cingulate zone (RCZp) and caudal cingulate zone (CCZ) (see Fan et al. (2008) for the functional separation of these subregions), supplementary motor area (SMA), frontal eye fields, the area near and along the intraparietal sulcus, and the fusiform gyrus. Bilateral FI was also activated, indicating its involvement in general information processing of the prime and the target. For the response to face primes ( Fig. 3b and Table 2 ), in addition to visual areas including bilateral fusiform gyrus, inferior occipital gyrus, and other regions, RCZp and SMA activation persisted above and beyond the common response to all primes and targets. The FI activation was not significantly increased. Importantly, however, for fearful face priming ( Fig. 3c and Table 3 ), clusters of significant activation were found in pregenual ACC, the FI, and the middle temporal gyrus bilaterally, among other regions. Right amygdala response to fearful primes was also significant (see the note of Table 3 ).
For the fearful-target specific response ( Fig. 3d and Table 4 ), several regions, such as left precentral gyrus, bilateral superior temporal gyrus, right anterior insula adjacent to mid-insula, and left caudate were activated. For the response to fearful targets following fearful primes (Fig. 3e and Table 5 ), right RCZp and medial portion of the superior frontal gyrus, along with the precentral gyrus, showed increased activation.
Discussion
Our face priming task was designed such that primes did not predict targets in any way. Because of this orthogonal design, any response to the primes suggests rapid processing of information. We found faster RTs in trials primed by face primes relative to those primed by non-face primes, accompanied by enhanced activation in regions such as the fusiform gyrus, RCZp of the ACC and SMA, but not the FI. Most importantly, the pregenual ACC and FI were highly activated by fearful primes, suggesting that these regions that contain VENs are involved in rapid processing of salient emotional information, thus supporting our hypothesis that the ACC and FI are involved in rapid emotional information processing. We also found that the pregenual ACC and FI were coactivated with the amygdala in response to fearful primes relative to neutral face primes, suggesting that the ACC and FI, together with the amygdala, subserve the rapid detection and assessment of threatening stimuli. Furthermore, RTs in emotional categorization of fearful faces were increased relative to neutral faces, which is consistent with a previous report (Calvo and Lundqvist, 2008) . Accuracy was decreased for fearful targets relative to neutral targets, which was associated with increased activation in the right anterior insula extending to middle insula, left caudate, and left precentral gyrus. There was also a prime by target interaction such that fearful primes facilitated the processing of fearful targets. This The cluster also extends to the left insula (x = − 34, y = 18, z = − 10). For the right amygdala, peak x = 22, y = 2, z = − 20, t = 2.43, Z = 2.28, p uncorrected = 0.01, k = 49 voxels, with a voxel-level threshold p uncorrected b 0.05 and a search volume of 1872 mm 3 (234 voxels). The right putamen activation (x = 22, y = 8, z = − 6, t = 4.05, Z = 3.50, and k = 83), the sub-genual ACC (x = 4, y = 40, z = 2, t = 3.09, Z = 2.81, and k = 100), and the anterior rostral cingulate zone (x = − 4, y = 24, z = 28, t = 3.19, Z = 2.88, and k = 52) shown in Fig. 3c did not pass the extent threshold. Therefore, they were not listed in this table. facilitation effect, namely, a shorter RT for the fear-primed fearful targets (compared to the trend of the blank and neutral primed fearful targets), was accompanied by greater activation in the RCZp of the ACC.
We observed activation by fearful primes, in addition to face primes, in different subdivisions of the ACC. However, only responses to fearful primes (except a general response to all primes and targets) induced significant activation of the FI. The additive activation of the RCZp for face primes may represent additional information processing of general facial information compared to blank primes. The pregenual ACC is a subdivision of the cingulate cortex that subserves emotional processing (Bush et al., 2000) . Activation of the pregenual ACC, together with that of the FI for fearful primes may be responsible for emotional regulation and linked to amygdala activity. A similar, although non-significant, pattern of results was obtained in a cortical source analysis of ERP data collected during a fearful/happy priming task using only surprise faces as targets, with increased current source density for fearful faces in the pregenual ACC and FI (Li et al., 2008) . The pre-and sub-genual ACC regions have been implicated in responses to socially significant or provocative information and that abnormally decreased activation in this region has been linked to mood disorders (Drevets et al., 1997) .
The right insula activation by fearful targets compared to neutral targets may be attributed to autonomic responses to fearful stimuli or to the negative affect associated with poor behavioral performance (lower accuracy and the trend of longer RT). The functionality of the subregions of the insular cortex needs to be further investigated. We may follow the methods as in a recent meta-analysis (Mutschler et al., 2009) to investigate the functional roles of the subregions of the insula under the context of emotional information processing. For example, whereas insular activation by the fearful targets is located at the dorsal-posterior part of the anterior insular cortex (AIC), activation caused by the fearful primes is located at the ventral AIC which has been shown to be related to physiological change (Mutschler et al., 2009) . Given that the amygdala is reciprocally connected with the insular cortex (Hoistad and Barbas, 2008) , the insular cortex is usually coactivated with the amygdala, as shown in a meta-analysis (Kober et al., 2008) .
The rostral and dorsal regions of the ACC have been implicated in both the acquisition phase and the conditioned response in classical conditioning paradigms (Milad et al., 2007; Phelps et al., 2004) , and activity in a homologous region of the ACC having dense connections with the amygdala has been shown to modulate associative learning during fear conditioning (Bissiere et al., 2008) . The role of the insula in regulation of emotion has been linked to the awareness of conditioned and unconditioned stimulus contingencies (Phelps et al., 2001 ). The medial prefrontal cortex, which includes the orbitofrontal cortex, ACC (area 25, i.e., the subcallosal gyrus, and area 32), and anterior prefrontal cortex (PFC; area 9), has also been implicated in emotional processing (Devinsky et al., 1995; Price and Amaral, 1981; Vogt et al., 1992) . The basolateral amygdala has dense connections with the ventromedial PFC (vmPFC) (Amaral and Price, 1984) , and animal studies have shown that lesions of the vmPFC produce a failure to inhibit amygdala function (Morgan and LeDoux, 1995; Morgan et al., 1993) . Furthermore, an amygdala-prefrontal functional connectivity study showed a positive covariance of the hemodynamic responses of these two regions to emotional faces (Heinz et al., 2005) .
The ACC and FI have been found to coactivate in many functional neuroimaging studies involving manipulations of information processing, such as cognitive tasks of conflict processing and decisionmaking (Nee et al., 2007; Rao et al., 2008; Sanfey, 2007) , and in emotional tasks with high cognitive demand (Phan et al., 2002) . The FI is regarded as the limbic sensory cortex associated with visceral sensation, whereas the ACC is viewed as the limbic motor cortex associated with autonomic and emotional control (Craig, 2002) and serves as the instrument for voluntary control (Craig, 2003) . Both the ACC and FI are strongly interconnected with the amygdala (Craig, 2002) . A common role of the FI in feelings, empathy, uncertainty, and awareness has been proposed recently (Craig, 2009; Singer et al., 2009) . Under conditions of emotional arousal or conscious access to feelings (e.g., priming by fearful faces), there is an increase in the saliency of emotions and requirement for rapid information processing, thereby resulting in the involvement of the ACC-FI network.
The functional dissociation between the ACC/FI and other regions and networks in emotional information processing still needs to be investigated. The pregenual ACC and the FI are responsive to fearful emotional priming, suggesting that they may be the key structures for rapid processing of salient emotional stimuli. However, the ACC may be involved in top-down cognitive control while the FI may be involved in more automatic processing as suggested by a study on functional dissociation of the two regions (Gu et al., 2010) . In addition, we found that the coactivation of the pregenual ACC, the FI, the amygdala, and some other regions is associated specifically with the response to fearful face primes, whereas the overall activation of the frontoparietal network is related to all types of responses. It has been proposed that the dorsal ACC and FI are involved in processing salient information, in contrast to the dorsolateral frontal and parietal cortices that represent an executive control network (Seeley et al., 2007) .
The amygdala has been shown to be essential in emotional processing and modulated by emotion regulation in several functional magnetic resonance imaging (fMRI) paradigms adapted from behavioral or physiological studies including: instructed fear (Phelps et al., 2001) , fear conditioning (Phelps et al., 2004) , emotional Stroop (Bremner et al., 2004; Compton et al., 2003; Williams et al., 1996) , threat-related distracters (Bishop et al., 2004a,b; Vuilleumier et al., 2001 ), face-place object selection (Anderson et al., 2003) , wordemotion conflict (Etkin et al., 2006) , and cognitive reappraisal (Jackson et al., 2000) . Based on these studies, it has been suggested that the left amygdala activity reflects awareness of the aversive nature of the stimulus, whereas the right amygdala response is related to unconscious processing of facial emotions (Morris et al., 1998; Pegna et al., 2005) . It has also been shown that the amygdala response is independent from whether the aversive stimulus is presented at attended or unattended locations (Vuilleumier et al., 2001) , and that highly anxious individuals tend to have elevated amygdala responses to these stimuli and corresponding decreases in activation of structures implicated in emotional regulation, such as the lateral prefrontal cortex and the ACC (Bishop et al., 2004a,b) . The finding that amygdala activation does not change when aversive stimuli are presented at attended versus unattended locations (Vuilleumier et al., 2001) , and that varying the attention dedicated to the aversive stimulus does not affect amygdala activity (Anderson et al., 2003) , suggests that the amygdala is involved in automatic or pre-attentive processing of affectively charged stimuli. In this study, although the prime could be ignored because it did not have any predictive value, it still interacted with the target response at both behavioral and neural levels. The prime face was presented 500 ms earlier than the target face so that the automatic processing of the prime was unavoidable. In summary, using an emotional face priming task in which we manipulated the emotional valence of the prime and target, we observed reliable involvement of the ACC and FI in response to fearful primes compared to neutral face primes, supporting an argument of functional specificity of these regions in rapid processing of salient emotional information, which might be related to the existence and the function of the VENs in these regions. We also demonstrated that the behavioral effects are associated with these neural substrates for processing salient facial emotional information. Although we have demonstrated the involvement of the ACC and FI, we only used fearful faces compared to neutral faces to examine the saliency effect, which presents as a limitation of this study.
